I empirically examine the impact of the liberalization and regulatory process on the Latin American telecommunications sector during the period 1990-1998. I find that privatisation and the existence of an independent regulator are positively associated with teledensity and operating efficiency while competition and price cap regulation are strongly positively associated with teledensity. This study confirms results in previous research that identify the importance of an independent regulator, competition and privatisation. Moreover, this study provides an initial examination of the positive impact that price cap regulation has had on telecommunications market in Latin America.
Introduction
The transfer of state-owned telecommunications assets to the private sector has been the linchpin of telecommunications reform in many developing economies during the 1990s (Noll, 2000) . Coupled with a more liberalized and competitive telecommunications market structure, privatisation has generated economic benefits in developing and developed economies -Bortolotti et. al. (2001) , , Ros and Banerjee (2000) and Ros (1999) . Some of these benefits include: increased network expansion, reduced waiting time for network access, increased capital investment and improved operating efficiency. The benefits to the overall economy from a more developed and efficient telecommunications sector are considerable - Röller and Waverman (2001) and Saunders, Warford and Wellenius (1994) . While policymakers actively pursued privatisation and liberalization in many countries, an area that has received less attention is the setting up of independent regulatory agencies. Only recently have countries embarked down this path. With the exception of a few studies discussed below, our understanding of the impact that regulation has on telecommunications markets in developing economies is minimal. The significance of the regulatory process on sector performance is likely to be large. A recent study by Wallsten (2001) indicates that not only is an independent regulator associated with improved sector performance but, unlike previous studies, privatisation is beneficial only when coupled with an independent regulator.
The purpose of this paper is to investigate the impact that the regulatory process has had on telecommunications development in Latin America. Specifically, in addition to controlling for privatisation and liberalization, I analyze the impact that an "independent" regulator has had on the performance of the sector and build on the work of Gutierrez (2003) , Wallsten (2001) , Bortolotti et. al. (2001) and Guiterrez and Berg (1999) . In addition, I go beyond these studies and examine the impact that a certain type of regulation, price cap regulation, has on sector performance in Latin America.
Background
There have been several recent studies examining the impact of privatisation on telecommunications performance. Megginson and Netter (2001) present a comprehensive review of the literature dealing with privatisation in several different industries including telecommunications. They highlight five empirical studies on the impact of privatisation and liberalization on the telecommunications sector: Petrazini and Clark (1996) , Ros (1999) , Wallsten (2001) , Boylaud and Nicoletti (2000) and Boles de Boer and Evans (1996) . Megginson states that on balance, these studies generally indicate that deregulation and liberalization are associated with significant growth in teledensity and operating efficiency, and significant improvements in the quality and price of telecom services.
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While the impact of privatisation by itself is less clear, Megginson and Netter state that the combination of privatisation and deregulation/liberalization is associated with significant improvements in telecommunications performance.
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An important element missing in these papers -with the exception of Wallsten (2001) -is the impact that the type of regulation has on industry performance. This gap in the literature has begun to be bridged in Gutierrez (2003) , Wallsten (2001 ), Bortolotti et. al. (2001 and Gutierrez and Berg (2000) . Gutierrez (2003) examines the effect of reform on telecom performance using a second-generation regulatory framework and panel data techniques to test how regulatory governance affected sector performance in 22 Latin American countries during the 1980-1997 time period. He found that sound regulatory governance, openness of markets to competition and divestment of former state-owned telecommunications operators contributed positively to sector performance. Wallsten (2001) examines countries in Latin America and Africa from 1984 through 1997 and finds that privatisation, by itself, is not a driver of improved telecommunications performance but when it is combined with an independent regulator, the country experiences increased connection capacity and payphones per capita. Wallsten's measure of an independent regulator comes from the ITU and characterizes a country as having an independent regulator if there is a separate telecommunications regulatory agency not directly under control of a ministry. As he states, his results suggest that reformers are correct to emphasize regulatory reforms along with privatisation, since privatisation without attention to regulation may be costly to consumers. Wallsten concludes his study with a call to obtaining more information on the type of regulation practiced in a country -e.g., price cap regulation -and explicitly incorporate it in the econometric analysis, which this present paper undertakes. Gutierrez and Berg (2000) also investigate the impact that regulation has on sector performance but their focus is exclusively on Latin America from 1985 through 1995. They develop a dichotomous variable measuring the degree to which the regulatory framework in telecommunications affords: (1) enforcement power to regulators and (2) neutrality/independence. They stress that the independent regulatory variable should not be interpreted as whether there is increased or decreased regulation but rather whether the regulator is independent. Their study shows that an independent regulator has significant positive impacts on telephone lines per capita. Like Wallsten, because of data constraints Gutierrez and Berg were unable to examine the impact that different types of regulatione.g., price caps -have and suggest this as an avenue for further research.
Finally, Bortolotti, et al. (2001) examine 31 telecommunications firms from 25 countries -14 industrialized and 11 non-industrialized -that were fully or partially privatized via a public share offering between October 1981 and November 1998. Their measure of regulation is similar to the measure used by Wallsten (2001) . It is a dichotomous variable taking the value one starting from the date when an independent agency -one not under direct control of a ministry and endowed with powers to enforce regulation -is established by law.
Unlike the previous papers, the authors also explicitly model the impact of the existence of price cap regulation. The authors' conclusions are as follows: Competition significantly reduces profitability, employment and, surprisingly, efficiency after privatisation, while creation of an independent regulatory agency significantly increases output. Mandating third party access to an incumbent's network is associated with a significant decrease in the incumbent's investment and an increase in employment. Retained government ownership is associated with a significant increase in leverage and a significant decrease in employment, while price regulation significantly increases profitability. On balance, they conclude that the financial and operating performance of telecommunications companies improves significantly after privatisation, but that a sizable fraction of the observed improvement results from regulatory changes -alone or in combination with ownership changes -rather than from privatisation alone.
All four studies indicate that an independent regulator has positive and significant impacts on telecommunications sector performance by itself or when coupled with privatisation. As discussed below, this general result is confirmed in this present study. As stressed by Gutierrez and Berg, an independent regulator need not be equated with more or less regulation. Rather, an independent regulator attempts to measure the degree to which decision-making occurs in a manner that is transparent, non-arbitrary, free -as much as possible -from day to day political interference and representative of a regulator's ability to maintain credible commitment.
3 These results are, by in large, consistent with predictions arising from the new institutional economic (NIE) school of thought (Levy and Spiller, 1996) . Using a NIE approach to examine the problems of utilities regulation, issues such as commitment, expropriation and manipulation of utilities are hypothesized to have an important impact on sector performance.
In this study, I examine the determinants of telecommunications sector performance in 20 Latin American countries from 1990 to 1998. My study is similar to the studies described above but differs in some important respects. In particular, I examine the impact of price cap regulation as well as privatisation, competition and existence of an independent regulator. While Bortolotti et. al., also examined the impact of price cap regulation, their sample consisted of developed and developing economies while the present study focuses solely on developing economies in Latin America. Given the very recent trend of using price cap regulation in Latin American countries, this study provides one of the first analyses of the impact that this type of regulation is having on industry performance in Latin America.
The positive impact of price cap regulation on telecommunications network investment and efficiency has been documented extensively in the literature where many studies have focused on telecommunications operators in the United States. 4 These studies have demonstrated that compared to rate of return regulation, price cap regulation leads to more investment and efficient operations.
A potential issue that arises in the present study is that rate of return regulation for telecommunications operators in Latin America has been rare. The dummy variable used for price cap regulation in this study takes a value of one if the country has a price cap plan in place and zero otherwise. In the United States and some other countries, a zero generally indicates that the company is regulated under a rate-of-return methodology and it is generally assumed that the move to price cap regulation is somewhat of a "loosening" of the regulatory binds.
5 The same cannot be said for the price cap variable in the present study because it is not clear how a country regulated telecommunications prices prior to the establishment of a price cap plan. In some instances, the type of regulation practiced prior to implementation of price cap may have been weak or non-existent, while in other instances it may have been more onerous than price cap regulation; it is difficult to know for certain without more in depth analyses.
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In general, it seems unlikely that the latter holds true; that is, it seems less likely that the move to price cap represents a loosening of regulation. Given the manner in which concession contracts were written initially -i.e., with the goal of maximizing the sale price of the newly privatised firm -a plausible hypothesis is that the move to price cap regulation is a tightening not a loosening of the regulatory constraints facing the firm. The impact that a tightening of the regulatory constraints has on telecommunications performance is not clear. More onerous regulation would not likely be consistent with improvements in telecommunications performance in emerging competitive markets where alternative forms of competing technologies -i.e., wireless, satellite and cable and the Internet -are proliferating. Onerous regulation on telecommunications firms in the presence of competitive alternatives may tend to reduce sector outcomes.
On the other hand, when predicting the impact that price cap regulation is likely to have in Latin America there is another plausible interpretation. Namely, price caps in Latin America may reduce the uncertainty concerning the time-path of prices as opposed to a previous price regime that was somewhat more arbitrary.
7 And we would expect to see that reducing uncertainty -as with the case of having an independent regulator -results in efficiency gains.
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Data analysis
Data description
In this study, I examine the determinants of telecommunications sector performance in 20 Latin American countries from 1990 to 1998. 10 However, the mere existence of a separate regulatory agency does not necessarily equate with the existence of an independent regulator. According to the ITU, only 8 out of the 20 countries surveyed have independent regulators.
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Another interesting finding is related to whether a country has a price cap regime and the X-factor in place.
12 As can be seen, by the end of 2000 half of the countries surveyed had put in place some type of price cap regime for regulating certain telecommunications services, usually network access, local and long distance usage. As described in Table 9 in the Appendix, the X-factors used by the sample countries during this time period averaged 1.24%. However, this masks the trend that X-factors are initiated at low levels immediately 7 I thank Dennis Weisman for directing me to this interpretation of the price cap variable in Latin America. 8 ITU (2000) 9 Wallsten (2001) correctly observes that a competition variable that only considers whether countries permit competition in certain services can miss important factors such as the effectiveness of competition. Data on the degree of competition in different telecommunications markets are scarce, especially for early periods of study. As countries gain more experience with competition, researchers should have available better quality data that will enable superior measures of competition. 10 ITU April 2000. 11 ITU-BD Telecommunication Regulatory Database, www.itu.int/treg/profiles2/Regulatory_Trends/Sepreg_AM_E. 12 Various sources were used to construct variables: ITU (2000), Meitzen et. al. (2001 ), OSIPTEL (2001 . In addition, the author has worked on price cap plans in Mexico and Peru. following privatisation and are ratcheted upward over time. 13 Table 2 below shows the average value of X for different time periods and presents evidence of this ratcheting up effect. In addition to the variables discussed above, Table 3 below presents a list of other important telecommunications variables, many of which are used in the econometric analysis described below. Tables 7 through 9 in the Appendix present the descriptive statistics. 
Model
The dependent variables used in this study are main lines per 100 inhabitants (ML100) -a measure of teledensity -growth in main lines per 100 inhabitants (ML100g) and main lines per employee (MLemp) -a measure of operating efficiency. The regulatory explanatory variables are privatisation, competition, existence of an independent regulator, and whether the country has a price cap regime in place. 14 Control variables consist of GDPcap, Popden, %dig and %res. Table 4 presents the hypothesized impact of the regulatory variables. Privatisation, competition and independent regulator are hypothesized to have a positive impact on MLemp, while privatisation and an independent regulator are hypothesized to have a positive impact on network penetration. 15 Under the theory that price cap regulation represents a tightening of the regulatory regime, price cap regulation is expected to increase operating efficiency -higher hurdle to overcome -but negatively impact investment -more onerous regulation requires the company to adjust in other areas of operations such as investments. Alternatively, under the theory that price cap regulation represents reduced uncertainty and less discretion on the part of the regulator, it is expected to have a positive impact on general telecommunications performance such as ML100. Additional explanatory variables include: real $1995 gross domestic product per capita (GDPcap), population density (Popden), real $1995 annual investment in telecommunications assets (Anninv), percent of network with digital lines (%dig) and percent of network that consists of residential lines (%res). We expect GDPcap, Anninv, and Popden to have a positive role on our dependent variables. Popden is a proxy for the costs of deploying telecommunications assets because a main cost driver of loop plant is distance from the central switching office. Since residential customers are more likely to be located at greater distances from the central switching office than business customers, we expect %res to have a negative impact on our variables. %dig is a proxy for increased technology and is hypothesized to have a positive impact on our dependent variables.
The data for this study consist of cross-sectional/time series (panel) data. I use the following functional form to estimate the values for the parameters through use of either fixed-effects or random effects models 16 :
14 Models were estimated which included the actual X-factor used in the price cap plan but inclusion of the X-factor generally neither improved the model estimation nor resulted in a significant X-factor coefficient. 15 Competition's impact on main lines is unclear because if there are significant economies of scale in the provision of access lines, additional competitors may simply increase overall total network unit costs, see Ros (1999) for a discussion. 16 Hausman and Breush Pagan tests used as the basis for use of either fixed or random effects model.
where y it is either logML100, ML100g or MLemp, β ' k is a 1 x K vector of coefficients, where K is the number of control variables for each regression estimate, X it is K exogenous variables, ' j δ is a 1 x 4 vector of dummy coefficients, d it are four dummy variables corresponding to the effects of privatisation, competition, independent regulator and price cap regulation, α i is a 1 x 1 scalar constant representing the effects of those variables peculiar to the ith country in more less the same fashion over time, v i is the unit-specific residual that differs between units but remains constant for any particular unit, while it ε is the "usual" iid residual.
The decision to privatize, permit competition, establish an independent regulator and implement price cap regulation may be endogenous and, therefore, not suitable for inclusion as a set of independent variables without some additional estimation technique.
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That is, the decision and timing to engage in the regulatory decisions and the manner in which it is undertaken may be conditioned on the pre-regulation market performance. For example, it may be the case that certain pre-regulation market characteristics -such as network penetration -helps explain a countries' decision to privatize or set up an independent regulatory structure. From a statistical perspective, it is important to test for whether the regulatory regressors are endogenous in the estimated models because failure to do so leads to inconsistent estimators. From a qualitative perspective, it is also interesting to attempt to identify the source of endogeneity; that is, the factors that distinguish the time and type of regulatory changes among the countries.
In order to test for the possibility that the regulatory dummy variables are endogenous in the models, I follow the testing methodology popularized by Hausman (1978) . Specifically, under the assumption of endogeneity, an Instrumental Variable (IV) estimator is consistent while the OLS estimator is not. Under the assumption of exogeneity, the OLS and Instrumental Variable estimators are both consistent. This means that if the regressors are truly exogenous, both estimators (the OLS and the IV) should produce similar results.
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In order to obtain the IV estimators, I follow the approach recommended by Heckman (1978) , Bowden and Turkington (1984) and Duncan and Leigh (1985) and employ an instrumental variable technique to estimate new dummy coefficients. 19 Specifically, following Donald and Sappington (1997) , I first model the decision to privatize, permit competition, have an independent regulator and employ price caps as a means to regulate telecommunications prices as a discrete choice using a logit model. The regressors in the logit model are some of the exogenous variables in the system of equations (such as GDPcap and Anninv) plus some of the performance variables such as ML100, MLemp and wait. 20 The predicted probabilities are then interacted with the observed dummy variables 17 This would violate the assumption that the observations on the independent variables can be considered fixed in repeated samples and imply contemporaneous correlation between the regressors and the error term. 18 See Kennedy (1992) at 135. 19 This approach was also utilized by Ros (1999) . 20 Naturally, ML100, Mlemp and wait are endogenous variables. They were included in the logit model because it is likely that the "quality" of the network has an impact on the decisions to privatise, permit competition, regulate and implement price cap regulation. In general, my results are not sensitive to the inclusion of these variables in the logit models. where the X it in (4) consist of GDPcap, Anninv, ML100, MLemp and wait. Substituting (4) into (1) we obtain:
Results from estimating equation (4) do not provide convincing evidence regarding the source of the potential endogeneity in the regulatory variables. That is, the regressors in the logit models were generally not significant predictors for whether a country privatized, permitted competition, established an independent regulator or implemented price cap regulation. 
Results
Testing the regulatory variables for endogeneity, the OLS and IV estimators were significantly different, thus providing evidence that the decision to privatize, permit competition, create an independent regulator and implement price cap regulation should be considered as endogenous and, for econometric analysis, estimated through an IV approach. To do otherwise would lead to inconsistent coefficient estimates. Table 5 below presents the results of equation (5). Equation A in Table 5 below models logML100 and the results indicate that price cap regulation is significantly associated with greater ML100. Those countries that have a price cap regime in place experience, on average, 22% greater ML100 than those countries that do not have a price cap regime in place. In addition, privatisation and competition are both highly significant and positively related to ML100. Specifically, privatisation and competition are, on average, associated with approximately 18% and 200% more ML100, respectively, and both are significant at the 1% level. Having an independent regulator also results in significantly greater ML100 21 In fact, all the models estimated were generally unsatisfactory in terms of significantly explaining differences in why countries embarked on regulatory changes.
' ' (7.5%), although the significance is at the 10% level as compared to the 1% level for price cap, privatisation and competition. Other variables that are significant include GDPcap, Popden and %digital. The model explains 92% of the variation in the dependent variable and passes the joint test for significance. Note: * Significant at the 10% level; ** significant at the 5% level; *** significant at the 2. 5% level; **** significant at the 1% level.
Equation (B) presents the results when growth in ML100 is the dependent variable. None of the regulatory variables were significant in explaining the growth in ML100. The only variable that explains the growth in ML100 is population density, which has a significant and positive impact on the growth in ML100. As population density is a proxy for costs, not surprisingly those countries where it is relatively less costly to deploy lines have, on average, higher growth in ML100. These countries also had, on average, higher ML100. Equation (C) models MLemp and the results indicate that an independent regulator and privatisation are positively and significantly related to MLemp. Having an independent regulator results, on average, to an increase of approximately 51% in MLemp while privatisation leads to, on average, a 63% increase in MLemp. Other variables that are significant include, %digital, and GDPcap. The independent variables explain approximately 51% of the variation in the dependent variables and the F-test is significant at the 1% level. Table 6 below summarizes the impact that the variables of interest have on the different models. How do these results compare to previous research and prior expectation? The existence of an independent regulator is associated with improvements in general measures of telecommunications performance such as ML100 and MLemp. This is consistent with prior findings and is consistent with the theory that that an independent regulator -acting as a proxy for the ability to maintain credible commitment, reduce uncertainty and remove discretionary actions on the part of the regulator -should play an important positive role in sector performance. These results support the position that those countries that do not have independent regulatory mechanisms and institutions in place are at a disadvantage.
Independent variable Equation (A) LogML100
Equation ( Note: NS = not significant; NA = not applicable; *significant at the 10% level; ****significant at the 1% level.
Privatisation is positively associated with ML100 and Mlemp while competition is strongly positively associated with ML100. The positive impact of privatisation on network expansion and growth in network expansion is consistent with some prior research and inconsistent with other research that found that privatisation, by itself may result in efficiency losses and only when coupled with an independent regulator does privatisation improve performance. In this study, privatisation was found to improve performance irrespective of whether it was coupled with an independent regulator.
Competition is strongly associated with network expansion. This finding is consistent with prior research, which found significant impacts of competition; these findings reject the existence of strong economies of scale in the telecommunications industry in Latin America. Competition in telecommunications markets in Latin America seems to be having a positive impact on sector performance and from a policy perspective, it is correct for policymakers to continue to open these markets to competition.
The newer findings in this study pertain to the impact of price cap regulation. According to the data, price cap regulation is strongly associated with ML100. As discussed in the text, it is difficult to interpret the price cap variable because in Latin America it is not clear whether the move to a price cap regime represents a weakening or tightening of the regulatory constraints. One hypothesis in this paper is that the move to price cap regulation generally represents a tightening of the regulatory constraints facing the firm because the initial regulatory conditions after privatisation were likely to be lax with respect to near-term regulatory constraints. An alternative hypothesis is that the imposition of price cap regulation can be viewed as reducing the uncertainty of operating in the market by giving more certainty and predictability to the time-path of prices. In the present study, the finding that price cap regulation leads to increases in ML100 implies that the latter hypothesis -that prices caps reduce uncertainty in the industry -overcomes any negative impact that may arise from tightening of the regulatory regime.
Finally, contrary to our expectation, no evidence was found that price cap regulation leads to higher levels of Mlemp (efficiency). While the coefficient did have the expected sign, it was not statistically significant.
Conclusions
In this paper, I empirically examined the impact that the regulatory process and price cap regulation has had on the Latin American telecommunications sector during the 1990-1998 time period. Consistent with prior findings, I find that the existence of an independent regulator is associated with improvements in general telecommunications performance. This is consistent with the school of thought that predicts that an independent regulatoracting as a proxy for the ability to maintain credible commitment and reduce discretionary action on the part of the regulator -plays an important positive role in the industry. The results support the position that those countries that do not have independent regulatory mechanisms in place to credibly commit, are at a disadvantage. The existence of an independent regulator does not necessarily imply a tightening or a loosening of regulation imposed on carriers. Rather, the existence of an independent regulator can be interpreted as reducing discretionary actions on the part of regulators, which reduces uncertainty. This, in turn, reduces obstacles to sector investment and lessons the regulatory risks associated with the supply of telecommunications services. Privatisation is found to be positively and significantly associated with network expansion and efficiency. This is consistent with some prior research while inconsistent with others, which found that privatisation by itself, may lead to decreases in sector performance. Specifically, some prior research has found that only when coupled with an independent regulatory regime does privatisation result in gains in efficiency. The policy implication of this particular debate, however, may be less relevant because there seems to be a trend emerging among policymakers on the importance of having an independent regulatory regime, as this paper and other papers have found to be the case.
A newer finding of this paper is the impact that a form of regulation -price cap regulation -is having on the industry in Latin America. In this study I found that price cap regulation is strongly associated with network penetration. In many countries, prior to price cap regulation the setting of telecommunications prices had significant discretionary components which increased uncertainty and risk to market participants. Price cap regulation -by setting a predicable time-path for the regulated services -can reduce uncertainty and helps explain the positive impact on network expansion, irrespective of the fact that the move toward price caps in Latin America in some instances may represent a tightening of the regulatory regime.
Finally, competition was found to be strongly and positively associated with network penetration in Latin America. Those countries that permit competition in telecommunications experience greater network penetration. From a policy perspective, it is correct for policymakers to continue to open these markets and put in place policies that are pro-competition.
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Appendix -Descriptive statistics 
